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GROUND WATER FROM LOWER CRETACEOUS ROCKS IN KANSAS

By
Katherine M. Keene 1/ and Charles K. Bayne 1/

ABSTRACT

Sandstones in Lower Cretaceous rocks contain supplies of water that
may be adequate to méet increasing present and future demands for
supplemental ﬁhnicipal and domestic use in central and western Kansas.

An estimated 70 to 80 million acre-feet (86,000 to 99,000 cubic hectometers)
of water containing less than 1,000 milligrams per liter dissolved

solids may be acceptable for use at the present (1976). An additional

10 to 15 million acre-feet (12,000 to 18,000 cubic hectometers) containing
1,000 to 3,000 milligrams per liter dissolved solids is estimated tb be
available for use in the future with appropriate desalinization.

Lower Cretaceous rocks crop out from Washington County on the north
to Comanche County on the south. The rocks dip from a structurﬁ] high
in the southwest part of the State to structural lows in the northwest
and north-central paft. Depth below land surface increases generally
northwestward to about 2,600 feet (790 meters); thickness of the rocks
increases westwargzﬁégrly zero to about 850 feet (260 meters).

The rocks consist chiefly of marine to nonmarine shale and silt-
stone interbedded with coastal to deltaic sandstone. The intefbedded
sandstone, which composes about one-third of the rocks, consists of one
or more lenses that thicken westward to about 400 feet (120 meters) in

the central part of western Kansas.
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The yie]d'of water to individual wells is related to areal extent,
thickness, and interconnection of the sand lenses and to grain size and
cementation of the sand. Large amounts of water may be pumped by wells
where loosely cemented sand lenses are interconnected. Wells commonly
yield adequate.supplies for domestic and stock use; reported yields from
municipal and irrigation wells range from about 100 to 2,000 gallons per
minute (6 to 125 liters per second). |

Recharge to the Lower Cretaceous- rocks occurs in the area of out-
crop and from hydraulically connected saturated Cenozoic rocks, especially
in the southern part of the State. Movement of water is principally
northeastward from areas of recharge to areas of discharge where streams
intersect the sandstone outcrops.

Water in the sandstone aquifers comﬁon]y is confined between beds
of relatively impermeable shale, causing water in wells to rise above the
top of the aquifer. Water levels fluctuate in responsé to changes in
atmospheric pressure; recharge, and discharge; greatest fluctuations
result from discharge to We]]s for municipal and irrigation use.
ProgressjVe declines in water levels have occurred where irrigation
withdrawals exceed recharge.

Calcium bicarbonate water ié dominant near recharge areas; mixed
sodium and calcium bicarbonate water and sodium chloride water become
successively dominant as the water moves downgradient from the recharge
areas. The dua]ity of water ranges from fresh to very saline (less than
1,000 to 35,000 milligrams per liter dissolved solids). In the areas of
generally fresh water, localized areas of calcium sulfate water result
from solqtion of gypsum in the Kiowa Formation, and areas of sodium
chloride water result from contamination by oil-field brines.
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INTRODUCTION
Purpose

Increasing démands for water in cent;a] and western Kansas ne-

. cessitate an evaluation of supplemental water supplies for this area.
Rocks of Early Cretaceous agel/ are the shallowest bedrock aquifers that
might contain water supplies of adequate quantity and quality to satisfy
the demands. A primary purpose of this study is to define the avail-
ability and chemical quality of water from Lower Cretaceous rocks and to
describe its adequacy for municipal and domestic supplies.

Although the Lower Cretaceous rocks have been described in the
areas of outcrop, and in areas where supplemental irrigation water is
oEtained, this is the first regional investigation of these rocks as an
aquifer in Kansas. Water having a concentration of less than 3,000 mg/1
(milligrams per liter) dissolved solids (fresh to slightly saline water)
and a concentration 6f less than 500 mg/1 chlorides occurs in Lower
Cretaceous rocks in much'of the northern and western part of the study

area. With appropriate desalinization, these waters can be used for

supplemental water supplies for municipal or industrial purposes.

1/ The classification and nomenclature of stratigraphic units used
in this report are those of the Kansas Geological Survey and differ

somewhat from those of the U.S. Geological Survey.



[t is necessary, however, to emphasize that water containing 1,000
to 3,000 mg/1 dissolved solids should be apﬁropriate]y desalinized
before it is used for human consumption. "Appropriate desalinization"
probably will be done, in parts of thé study area of this report, in
future years to supply the demand of the population. Existing State
regulations require the protection of aquifers containing water having
10,000 mg/1 or less dissolved solids so that supplies wii] be available
if the demand for municipal and domestic use becomes sufficiently great.

The objective in the study is to delineate the areas in the State
where usable water for future municipal and domestic supplies (upper
1imit of dissolved-solids contents for usable water is defined as
3,000 mg/1) occurs in the Lower Cretaceous rocks. As the quantity of
water obtainable from wells in these rocks depends on the thickness,
porosity, and permeability of the sandstones and siltstones, these factors
were determined from an evaluation of available data.

The study is a part of a continuing cooperative program of ground-
water investigations by the Kansas and U.S. Geological Surveys, with
data and support from the Division of Water Resources of the Kansas
Department of Agriculture and the Division of Environment of the Kansas

Department of Health and Environment.



For readers familiar with or interested in the metric system,

English units of measurement given in this report are shown with the

metric equivalents (in parentheses) using the following abbreviations

and conversion factors:

English units

Multiply by

Metric unit

foot (ft)

mile (mi)

acre

square feet (ftz)
acre-feet (acre-ft)

gallons per minute (gpm)

0.3048

1.609
4047
.0929

1.233 x 1073

.06309

meter (m)

kilometer (km)

square hectometer (hmz)
square meters (mz)

cubic "hectometers (hm3)

liters per second (1/s)
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Location and Extent of Lower Cretaceous Rocks

Lower Cretaceous rocks crop out in a broad band from near north-
eastern Washington County to central Rice County, as shown in figure 1.
From central Rice County to southeastern Kiowa and central Comanche
Counties, the rocks generally are buried beneath Cenozoic deposits.

In the area west of Comanche County, Lower Cretaceous rocks commonly
are buried by Cenozoic deposits, except for scattered outcrops in Clark,
Ford, Grant, Kearny, Hamilton, and Stanton Counties.

In north-central Kansas the width of the outcrop commonly is about
30 miles (48 km); although the outcrop in major stream valleys may
extend westward as much as 90 miles (145 km). In the southern part of
the study area the width of the outcrop ranges from about 2 to 6 miles
(3 to 10 km). North and west of the outcrop band, Lower Cretaceous

rocks are present in the subsurface.
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Figure 1l.--Location and extent of Lower Cretaceous rocks.
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Methods of Investigation

Information on geologic and hydraulic characteristics and on the
chemical quality of water in the Lower Cretaceous rocks in Kansas is
limited, except for outcrop areas and local areas where water supplies
have been developed. . In much of the area underlain by these rocks,
adequate water supplies have been available from younger and shallower
rock units. As a result, the deeper formations have not been explored
for water supplies. Increased needs for municipal, industrial, irri-
gation, and domestic supplies, where other water sources are not avail-
able or are insufficient, have caused an interest in the use of water
from the Lower Cretaceous rocks.

Additional information on geologic and hydrologic characteristics
of thé Lower Cretaceous rocks also has been interpreted from a large
number of geophysical logs of 0il and gas exploratory holes in the area.
Known characteristic features on geophysical logs in areas of existing
water-well development were compared with similar characteristic features
on logs in other areas of little or no water-well development. By using
this method of inferred correlation, data from-about 2,750 logs were
available to determine depths to the top of the Lower Cretaceous rocks,
the general lithology and the aggregaté thickness of sandstone, and the

approximate salinity of water contained in the rocks.
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Analyses of water samples from about 760 wells producing water from
the Lower Cretaceous rocks were examined to determine the general
chemical composition and possible trends in the concentration of chemical
constituents. These ana]yseé were made by the Kansas Department of
Health and Environment. Chemical analyses of about 200 water samples
were deleted because results of the analyses indicated that the water
was contaminated from other sources. Some water samples taken from o0il
wells, which were initially drilled to deep strata and subsequently
plugged back, showed contamination by water from below the Lower
Cretaceous rocks. Other samples showed contamination of water from
disposal of oil-field brines into the Cheyenne Sandstone in the basal

part of the series.
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Well-Numbering System

The system of numbering wells and test holes in this report is

based on the U.S. Bureau of Land Management's system of land subdivision.

_The number shows the location of the well or test hole by township,

range, section, and position within the section. The first number
indicates the township; the second, the range west or east of the sixth
principal meridian; and the third, the section in which the well is
located. The letters following the section number locate the well
within the section. The first letter denotes the quarter section or
160-acre (65—hm2) tract; the second, the gquarter-quarter section or 40-
acre (16-hm2) tract; and the third, the quarter-quarter-quarter section
or 10-acre (4-hm2) tract. The letters are assigned in a counterclockwise
direction beginning with (A) iﬁ the northeast quarter of the section.
Letters are assigned to each 160-, 40-, and 10-acre tract in the same
manner. For example, well 23-26W-7CCC, in Hodgeman County, is located

in the southwest quarter of the southwest quarter of the southwest

' quarter of sec.7, T.23 S., R.26 W. (fig. 2).
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Figure 2.--System of numbering wells and test holes in Kansas.
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GEOLOGY OF THE LOWER CRETACEQUS ROCKS
Environment of Deposition

The Cheyenne Sandstone (the lower formation) generally is con-
sidgred to be of continental origin, and to have been deposited on a
mature, eroded surface consisting of Permian and Jurassic rocks.
Deposition was on or near the strand line of a transgressing sea ad-
vancing northward through the interior regions of the United States.

The Kiowa Formation (the middie formation), of marine origin, was
deposited in a transgressing sea. Thinning and eventual absence of the
Kiowa in the northern and eastern part of Kansas indicate that the
formation probably was deposited near the margins of.the sea. As sea
lTevel continued to rise in relation to the surrounding land mass, late
Kiowa deposits overlapped the Cheyenne Sandstone and early Kiowa deposits.
The increase of sandstone in the late Kiowa deposits in the northern
part of the outcrop area may be an indication of regressive sedimentation
that preceded deposition of the Dakota Formation.

The Dakota Formation (the upper formation) generally is considered
to have been deposited under marine conditions in a regressing sea, and
under nonmarine conditions in a bordering low-lying coastal or deltaic
plain. This sea was in a regressive phase resulting in younger Dakota
sediments being deposited progressively farther to the west. Fluctuations
in the shore line during the regressive phase may account for the presence -
of marine brackish-water invertebrates in the upper part of the Dakota.

_ The largely marine character of subsurface equivalents of the Dakota
Formation, described in northwestern Kansas by Merriam (1957) and others,

shows that nonmarine sediments grade westward into marine sediments.
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Character and Thickness

The Cheyenne Sandstone crops out only in Barber, Kiowa, Comanche,
and Clark Counties in south-central Kansas. The Cheyenne is mainly a
light-colored, fine- to medium-grained, friable, crossbedded sandstone
containing lenses of sandy shale, conglomerate, and minor amounts of
.clay (0'Connor, 1968). Subsurface samples of the Cheyenne are almost
entirely of white, fine- to medium-grained, loose or slightly cemented
sandstone. On the outcrop, the thickness of theée unit ranges from 33.to
94 feet (10 to 29 m); In the subsurface, the formation has a maximum
thickness of about 300 feet (90 m). Abrupt changes in thickness within
short distances may be the result of deposition on the eroded pre-
Cretaceous surface, which had considerable local relief.

The Kiowa Formation, which conformably overlies the Cheyenne
Sandstone, was named from rock exposures in Kiowa County where the
formation is best exposed. The formation also is exposed in parts of
north-central Kansas. This formation is - mainly a medium- to dark-gray,
micaceous, silty, soft to hard, marine shale containing thin beds of
1imestone, sandstone, and bentonite (Franks, 1966). Gypsum commonly
occurs as dispersed selenite crystals. Limestones, which occur in thin
stringers, are chiefly coquin;s of shell fragments. The "Champion shell
bed", near the base of the formation, seemingly is not traceable out of
the type area. Maximum thickness of the Kiowa is about 380 feet (120 m),
and the average thickness is about 100 feet (30 m). Some of the wide
ranges in thickness may reflect the uncertainty in determining the upper
boundary of the formation owing to the increase of sandstone in late
Kiowa deposition.

18



The Dakdta Formation in Kansas consists of alternate beds or lenses
of claystone, siltstone, and sandstone (Franks, 1966). As much as 70
percent of the formation is estimated to consist of lenticular beds of
claystone and siltstone. In the outcrop area, the beds pinch or swell
and grade laterally in color or -1ithology, and contain lignite beds
locally. Cross stratification is a prominent feature of the sandstone
in the Dakota Formation. Most of the sandstone is friable and lightly
stained with iron oxides. Sandstone occurs in-erratica11y di;tributed
lenses that differ in thickness and extent of interconnection. Although
little information is available concerning the size and shape of sandstone
lenses in the Dakota, some lenses may have wide areal extent. The
thickness of the Dakota Formation ranges from as much as 330 feet (100 m)
to only a few feet in areas where most of the formation has been removed

by erosion.
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Structure

Structure contours of the top of the Lower Cretaceous rocks and the
Fié §3 principal structural elements within the area are shown on figure 3. Thg
i Salina Basin and the Western Kansas Basin are separated by positive
e]ements.of the Cambridge Arch and the Central Kansas Uplift (fig. 3).
These positive elements are parts of an older structural element cal]ed
the E11is Arch or the Ancestral Central Kansas Uplift that was active in
pré-Mississippian time. The Central Kansas Uplift was active in
Mississippian time, but was not active in post-Paleozoic time, as is
indicated by the lack of structural deformation of the top of the Lower
Cretaceous rocks. Continued activity of the Cambridge Arch is shown by
upwarping on top of Lower Cretaceous rocks.

The boundary of the Western Kansas Basin is not well defined by the
structure contours in the eastern part, but is well defined in the
western part. An abrupt change in slope indicated by the structure
contours marks the boundary between the Western Kansas Basin and the Las
Animas Arch. The increase in slope westward from this boundary reflects
the continued ﬁplift of the Las Animas Arch after deposition of the

Lower Cretaceous rocks.
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Figure 3.--Structure contours of top of Lower Cretaceous rocks and

boundaries of principal structural features.
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Depth to Top of Lower Cretaceous Rocks

The depth below the land surface to the top of the Lower Cretaceous
LATE / rocks is shown on a generalized map (pl. 1). In areas where the rocks
o pecked “ave been partly eroded, that surface may be represented by beds within
the Dakota Formation, Kiowa Formation, or Cheyenne Sandstone. Areas
where the Lower Cretaceous rocks crop out or are covered only by a thin
regolith are delineated. The extent of Lower Cretaceous rocks is shown
by the dashed boundary (modified from Merriam, 1963).
Lower Cretaceous rocks occur at a depth of about 100 feet (30 m) in
the extreme southwestern part of the State and at a depth of about 2,600
feet (790 m) in northwestern Kansas, near the Colorado State line. The
a]titude'of the land surface in northwest Kansas is several hundred feet
higher than that in southwest Kansas, so the difference in land surface
altitudes accounts for only a émal] part of the difference in the depths
to the top of the formation. The structure contours of the top of the
Lower Cretaceous rocks (fig. 3) indicate a gentle northward dip. The
altitude of the top of the Lower Cretaceous rocks is about 3,500 feet
(1,070 m) above sea Tevel in southwestern Hamilton County and about

1,250 feet (380 m) in Cheyenne County; a difference of 2,250 feet (690 m).
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Plate 1.--Map showing depth to top of Lower Cretacerous rocks in Kansas.
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South of the Arkansas River in southwestern Kansas (fig. 4), Lower
Cretaceous rocks are directly overlain by unconsolidated Cenozoic
(P1iocene and Pleistocene) deposits ranging in thickness from only a few
feet to as much as 500 feet (150 m).

In northwestern Kansas, as much as 2,300 feet (700 m) of Upper
Cretaceous rocks, which are principally shale, chalk, and limestone,
separate Cenozoic deposits from the Lower Cretaceous rocks. Both the
Upper Cretaceous rocks and the unconsoiidated Cenozoic deposits thin
eastward from the Colorado State line.

On plate 1, major gtream valleys and local topographic features are
reflected in the depth to the top of the Lower Cretaceous rocks. Some
structural features also are evident, such as the syncline in Logan,
Scott, and Finney Counties near the west edge of the Western Kansas
Basin (fig. 3). A deep syncline, not evident on the map of the depth to
the top of Lower Cretaceous rocks, occurs in Lane and Gove Counties

where Lower Cretaceous rocks attain their maximum thickness of 850 feet

(260 m).
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Figure 4.--Map of southwestern Kansas showing area where Lower Cretaceous
rocks are directly overlain by Pliocene and Pleistocene

deposits.
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Thickness of Sandstone in- Lower Cretaceous Rocks

The thickness of sandstone units in the Lower Cretaceous rocks is
shown on plate 2. The thickness shown at any location represents the
aggregate thickness of sandstone, and may consist of one or more beds of
sandstone. In the eastern and southeastern part of the area, less
sandstone is present than in the norphern or western part. This dif-
ference is attributed to the absence of sandstone in the Kiowa Formation
and to the thinning or absence of fhe Cheyenne Sandstone. In the Salina
Basin area (fig. 3), the Cheyenne and Kiowa are thin or absent. The
abnormally thick sandstone, which is as much as 400 feet (120 m),
trending through Gove, Lane, Finney, and northern Ford Counties (pl. 2)
is coincident with the thick Lower Cretaceous rocks in the synclinal

structure on the west side of the Western Kansas Basin.
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Plate 2.--Map showing thickness of sandstone in Lower Cretaceous

rocks in Kansas.
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WATER SUPPLY

Lower Cretaceous rocks are an important source of ground water in
parts of central and western Kansas where supplies are not available
from overlying Cenozoic deposits. In many areas, these rocks yield only .
enough water to wells for domestic or stock use; locally, wells yield as
much as 2,000 gpm (126 1/s).

Generally the Lower Cretaceous rocks are described as containing
two aquifers--the Cheyenne Sandstone and the Dakota Formation--separated
by a relatively impermeable un{t--thg Kiowa Formation. However, the
Cheyenne contains thin beds of impermeable siltstone, the Kiowa Formation
contains permeable sandstone beds locally, and about 70 percent of the
Dakofa is composed of relatively impermeable siltstone and claystone with
the remaining 30 percent composed of bermeab1e sandstone beds. Thus the
many sandstone beds of the three formations form the principal aquifers
of the Lower Cretaceous rocks. Their ability to yield water to wells
depends’ largely on areal extent, thickness, and interconnection of the

beds, and on grain size and cementation of the sand.
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The sandstone beds in the Cheyenne have greater continuity and
areal extent than those of the Kiowa or Dakota Formations. Owing to the
considerable relief of the underlying surface and subsequent erosion of
the formétion, the thickness of a sandstone bed may change markedly in a
relatively short distance. Other factors that contribute to the relatively
large yield of wells that tap the Cheyenne are uniformity of grain size
and generally loose cementation of the sand. In areas of fine to medium,
loosely cemented sand, the formation is capable of freely transmitting
water. In areas of very fine, silty sandstone, the capability of the
formation to transmit water is reduced.

Appreciable quantities of sandstone are present in the upper part
of the Kiowa Formation in its northeastern outcrop area and in other
local areas. The sandstone generally occurs in thin discontinuous beds,
but may be several tens of feet thick locally. Sand in the Kiowa
differs considerably in grain size and cementation. The Kiowa is not an
important aquifer except in those areas near the outcroﬁ where the
sandstone is highly weathered, and in areas where the Cheyenne and

Dakota are thin or absent.
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Sandstones in the Dakota Formation comprise the most important
aquifer of the Lower Cretaceous rocks in Kansas. These sandstomes are
thin-bedded to massive, and occur in lenses that differ in thickness and
areal extent. The size and shape of the sandstone lenses are difficult
to deterﬁine, but the lenses commonly are elongated in the general
direction of dip of the cross stratification of the bedsi(Bayne and
others, 1971, p. 19). The dip of cross stratification in central Kansas
indicates that'the direction of transport of the sand composing the
lenses trended in a westward and southwestward direction. Laterally,
the sandstone lenses may pinch out or grade into sequences of siltstone
or shale.

Many of the sandstones are loosely cemented with limonite; a few
are tightly cemented with calcium carbonate, silica, or iron, and others
have no cementation. Fine sand predeominates, but grain size ranges from
very fine sand to coarse sand. Generally, wells tapping the thin sand
Tenses near the top of the Dakota Formation obtain sufficient water for
domestic or stock use. Wells tapping thick, loosely cemented, saturated

sand lenses yield supplies adequate for irrigation.
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The porosity of the sandstone beds in the Lower Cretaceous rocks,
which differs greatly depending on grain size and degree of cementation,
may range from less than 5 to more than 30 percent. The effective porosity
or the interconnected pore space available for transmitting water through
the aquifer probably ranges from 10 to 25 percent.

The amount of water that may be withdrawn from storage (specific
yield) in an unconfined aquifer is approximately equal to the effective
porosity minus specific retention (the volume of water retained against
drainage by éravity). Specific yields of as much as 15 to 20 percent
have been determined from the few pumping tests run on wells tapping
the unconfined part of thé Lower Cretaceous aquifers.

In confined aquifers, the yield of water from storage also is
affected by expansion of the water and compression of the aquifer
over a large area. Thus, the specific yield of a confined aquifer
may be three to four orders of magnitude smaller than that of an
unconfined aquifer. When the water level in wells is drawn below the
top of the confined aquifer, however, water will begin to drain by
gravity and the specific yield will approach that of an unconfined
aquifer. To determine the amount of water that ultimately could
be available from stofage after gravity drainage begins, a yield of
3 to 5 percent is estimated for the presently confined part of the Lower

Cretaceous aquifers.



Water Movement and Potentiometric Surface

The potentiometric surface of water in the Lower Cretaceous rocks
@ :5' is shown in figure 5. The highest point on this surface occurs in
ar—— 3 .
aear nre)  western Hamilton County coinciding with the structural high, as shown on
figure 3. The potentiometric surface slopes in an east-northeasterly
direction toward the area of discharge. The contours are generalized
owing to the limited amount of data in the outcrop areas and in the
areas of existing well development. In the northern part of the State,

where water in the formations generally is too highly mineralized for

use, measurements of potentiometric head are not available.
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Figure 5.--The generalized potentiometric surface of water in Lower

Cretaceous rocks.
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Recharge

In an area bounded on the west by the Colorado State line and on
the north by the Arkansas River (fig. 4), and extending eastward to the
1imit of Lower Cretaceous rocks, saturated unconsolidated Cenozoic
deposits commonly are in direct contact with and probab]y contribute
recharge to underlying sandstones. Only limited data are available on
the differences in potentiometric head of water contained in the respec-
tive aquifers. Generally, the potentiometric surface in the Cenozoic
aquifer is several tens of feet higher than the potentiometric surface
in the Lower Cretaceous aquifer. Therefore, water from the Cenozoic
deposits can recharge the Lower Cretaceous rocks; the water subsequently
moves down dip in a northeasterly direction. In the area north of the
Arkansas River and 100 to 150 miles (160 to 240 km) east of the State
line, the presence of potable water in the Lower Cretaceous rocks
probably is due to flushing of highly mineralized water by the recharge
mechanism in southwestern Kansas and the underflow from southeastern
Colorado. The area in northwestern Kansas contains highly mineralized
water that may be connate water altered to some degree by ion exchange.

On the outcrop in central Kansas, Lower Cretaceous rocks are re-

charged in part from local precipitation.
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Aquifer Conditions

Ground water that is confined under pressure in an aquifer between
two beds of low permeability is regarded as artesian or confined water.
When a well is drilled into the aquifer, water will rise in the well
above the top of the producing bed. A flowing artesian well is one in
which the water rises in the well to a point above the land surface. In
the classic artesian system, water entering the aquifer in the recharge
area moves down dip toward an area where water in wells will rise above
the top of the formation as a result of the pressure head.

Most of the Lower Cretaceous rocks in Kansas are part of an artesian
system in which the sandstone beds are the aquifers and the shales in
the Permién and Jurassic rocks below and in the Upper Cretaceous rocks
above form relatively impermeable confining beds. Clay and shale within
the Lower Cretaceous rocks also act as confining or semiconfining beds.
The water in many wells in the outcrop areas is under artesian pressure,
but commonly does not flow at the land surface.

Comparison of data on figures 3 and 5 indicate that the pressure
head is great enough to raise water in wells only a few feet above the
Lower Cretaceous surface in or near the outcrop area, but the potentio-
metric surface may be as much as 550 feet (170 m) above the top of the

aquifers in the central and western part of the area.
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Most wells that obtain watér from the Lower Cretaceous rocks in
Kansas are domestic and stock wells, which discharge only small quan-
tities of water and have no noticeable effect on the potentiometric
surface. Extensive development of irrigation wells that yield 500 to
1500 gph (32 to 95 1/s) in local areas in northern Ford and southern
Hodgeman Counties, however, has caused local changes in the shape\and
slope of the potentiometric surface because of the considerable lowering
of the pressure head in the vicinity of the wells.

Haworth (1913) reported artesian flows of 75 gpm (5 1/s) from Lower
Cretaceous rocks near Coolidge in western Hamilton County. MclLaughlin
(1943) reported flows of less than 1 to more than 25 gpm (0.1 to 1.6 1/s)
" jn this same area. The decrease in flow may be, in part, due to partial
plugging of the wells or a reduction in head in the aquifer. All but
one of the flowing wells obtained water from the Cheyenne Sandstone,
the deepest aquifer in this area, which occurs at depths of 250 to 300
feet (76 to 91 m).

Water under artesian head reportedly was obtained from both the
Cheyenne Sandstone and Dakota Formation near Coolidge, Kans. (McLaughlin,
1943). In the shallowest aquifer, a sandstone near the top of the
Dakota, water in wells rose to levels of 25 feet (8 m) below to 5 feet
(2 m) above the water level in the Arkansas River alluvium. Some wells
reportedly obtained water from a deeper sandstone within the Dakota

Formation.
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Water-Level Fluctuations

In nature, a ground-water reservoir functions as a hydraulic. system
that is in dynamic balance. On the average, the potentiometric surface
remains in a‘relatively fixed position because recharge is equal to
discharge. Seasonal or annual changes in precipitatioﬁ may affect
recharge and result in temporary changes in the position of the potentip—
metric surface. If the amount of water discharged from an aquifer
significantly exceeds the recharge for a period of time, the potentio-
metric surface will decline. Conversely, when recharge significantly
exceeds discharge, the potentiometric surface will rise.

Discharge by wells is an additional discharge superimposed on the
natural system, which will cause an additional lowering of the potentio-
metric surface. Before a new equilibrium can be established, the
additional discharge must be balanced by incréased recharge or reduced
natural discharge to seeps and streams.

| Hydrographs record the change in water level in-a well. Water-
level changes shown on a hydrograph may indicate a changing trend in the
potentiometric surface. These records, however, must be correlated with
precipitation and pumpage records to evaluate the cause and effect of
the fluctuations. Erroneous interpretations may'be made when short-term

records are used.
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In some areas, changes in the rate of recharge resulting from
increased precipitat{on or drought may.be observed in a few months on
the hydrograph of a well. In other areas, many month$ may elapse before
changes may be observed. The differehces in the t%me interval may be
due to distance of the observation well from the recharge area, differences -
in permeability of the sandstone beds composing the aquifer, differences
in the degree of interconnection of the sandstone beds with the recharge
area, or to the degree of confined or unconfined conditions in the
aquifer system.

The effects of pumpage are indicated on the hydrograph by a lowering
of the water level. The amount of lowering is dependent on the rate of

pumping, duration of pumping, distance from the area of pumping, hydraulic

conductivity of the aquifer, interconnection of the sandstone beds, or

the confined- or unconfined;aquifer conditions.

The hydrograph of well 26-42W-17CB in Hamilton County (fig. 6)
shows the water-level trend for a period of about 9 years. This well,
which is 749 feet (229 m) deep, penetrates all the Lower Cretaceous
rocks and-part of the Jurassic rocks. The well has a reported yield of
about 2,200 gpm (140 1/s). The general occurrence of low water levels
in the summer and high water levels in late wintér or early spring
reflect seasonal fluctuations as a result of pumping for irrigation.
Seasonal fluctuations commonly are 10 feet (3 m) or less, and the
maximum change in water level for the period of record is 19 feet (6 m).
Because the well is in the area where Lower Cretaceous rocks probably
receive recharge from overlying Cenozoic deposits, seasonal fluctuations
and subsequent lowering of the potentiometric surface are relatively

small.
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Figure 6.--Hydrographs of selected wells in Hamilton, Hodgeman, and

Ford Counties.
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The hydrograph of well 22-23W-31ADD near Jetmore in Hodgeman County
(fig. 6) shows the water-level trend for a period of about 5 years.
This small-diameter stock well, which is 315 feet (96 m) deep, partially
penetrates the confined aquifer in the Lower Cretaceous rocks. An
irrigation well and the city wells of Jetmore, located in the same
quarter section, also withdraw water from the Lower Cretaceous rocks.
Annual fluctuations of the water level in the stock well range from
about 75 to 100 feet (23 to 30 m) with seasonal lows occurring in the
summer and seasonal highs occurring in the early spring. -These changes
in the water level reflect the influence of water use for irrigation and
the‘increase in water use during the summer by the city of Jetmore.
'withdrawa]s by the municipal and irrigation wells probably cause the
water level in the stock well to decline below the top of the aquifer so
that unconfined conditions are reflected during part of the year. The
hydrograph shows a progressive lowering of the potentiometric surface
during the irrigation season from year to year, probably indicating that
pumpage in this area exceeds the recharge capability of the aquifer.

Well 23-26W-7CCC in western Hodgeman County is an irrigation well
500 feet (150 m) deep that penetrates the Lower Cretaceous rocks. The
water level (head) in this well initially was only a few feet above the
top of the aquifer, and the hydrograph (fig. 6) indicates a pfogressive
lTowering of the.head. Continued lTowering of the water level may reduce
the pressure head at this well so that the aquifer functions an an
unconfined system. The 1972-73 record on the hydrograph may be an

indication that this change has already occurred.
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Well 25-22W-27CCD, near Spearville in Ford County, is 240 feet
(73 m) deep and penetrates the Lower Cretaceous rocks. This well is
east of an area where irrigation wells yield 1,200 to 1,400 gpm (76 to
91 1/s) from a confined aquifer in the Lower Cretaceous rocks. The
hydrograph (fig. 6) indicates that water levels during 1970-73 were low
during the summer irrigation season and high during 1a§e winter or early
spring. This well record shows a progressive rise in water level during
the period. The well is screened in an artesian aquifer so that the
potentiometric surface normally Qou]d be lowered as a result of irriga-
tion pumpage. The progressive rise in the water level suggests‘that the
sandstone may be receiving recharge from interconnecting sand lenses
that is in excess of discharge. Inferences drawn from this hydrograph,
however, must be made with caution because of the short period of record.
Pumpage prior to 1970 may have greatly exceeded the 1970-73 rate so that
the recovery of artésian pressure might give an erronéous impression of
rising water levels due to recharge, when in fact it may be due to

recovery of water levels from heavy pumping in previous years.
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Well 17-9W-20BCD in Ellsworth County and well 18-10W-24BBB in Rice
County (fig. 7) are both small-diameter domestic and stock wells that
produce water from Lower Cretaceous rocks. The well in Ellsworth County
is 63 feet (19 m) deep and penetrates only a few feet of the Lowqr
Cretaceous rocks. The well in Rice County is 144 feet (44 m) deep and
penetrates about 90 feet (27 m) of Lower Cretaceous rocks. At both
wells, the Lower Cretaceous rocks are overlain by about 50 feet (15 m)
of Pleistocene silt deposits, the lower part of which is saturated. The
hydrographs of these wells (fig. 7) show a general similarity through
1970, except that the well in Ellsworth County disﬁ]ays much greater
fluctuations than the well in Rice County. Although the water levels in
both wells have continued to rise since 1970, detailed similarity in the
hydrographs is lacking. Tests on wells of large yield indicate that
hydraulic connection between the Lower Cretéceous rocks and overlying
Cenozoic rocks commonly is poor. Hydrographs of the two wells, however,
suggest that they are being recharged locally from shallow unconsolidated

deposits or from precipitation on the nearby outcrop.
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Figure 7.--Hydrographs of selected wells in Ellsworth and Rice Counties.
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QUALITY OF WATER

The term "water quality", as applied here, embraces the combined
physical and chemical characteristics distinctive to a given water in .
relation to its use. Water is vital to the existence of all life aﬁd is
essentia], either directly or indfrect]y, to almost all activities of
man. Quality is a dominant factor in determining the adequacy of any
water supply to satisfy the requirements of man's uses.

. One of the primary purposes of this study is to define the chemical
quality of water from Lower Cretaceous rocks and to describe its aaequacy
for man's use. In many areas of Kansas, water of good quality is in
short supply. Water from Lower Crétaceous rocks is available in some of
these areas, but the water may be too highly mineralized for most uses.
It is possible, however, that some of this water may become an important
resource through desalinization in the future.

People easily develop a tolerance for slightly saline water as
evidenced by the fact that more than 100 public water supplies in the
United States have a dissolved solids content of 2,000 mg/1 or more
(U.S. Public Health Service, 1962, p. 33). Several municipalities in
Kansas use water containing more than 2,000 mg/1. The'number of domestic

supplies that use water containing more than 2,000 mg/1 is unknown.
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SATE 3

Data from chemical analyses of water from about 560 wells that
obtain water from the Lower Cretaceous rocks were used to prepare the

map showing chemical quality of water (pl. 3). This map shows the

N n quq_f\ o . . >
location of wells for which analyses were available, ranges in con-

centrations of dissolved solids and chlorides, and the type of water
classed by predominant jons as indicated by the analyses. Lines of
equal concentrations of dissolved solids are drawn to show the ranges in
salinity of the contained water. In this report, the salinity has been

classified in terms of dissolved solids (from Winslow and Kister, 1956)

as follows:
Dissolved-solids concentration
(milligrams per liter)

" Fresh - Less than 1,000
Slightly saline 1,000 to 3,000
Moderately saline 3,000 to 10,000
Very saline 10,000 to 35,000
Brine More than 35,000

The Kansas Department of Health and Environment recommends a limit
of 500 mg/1 dissolved solids in drinking water, but water containing 500
to 1,000 mg/1 is accepted as usable where better quality water is not
available. Several municipalities that use water containing more than
2,000 mg/1 dissolved solids are searching for new sources of supply.
It is considered probable that, in future years, it will be economically
feasible to desalinize water containing as much as 3,000 mg/1 dissolved

solids for municipal or industrial use.
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Plate 3.--Map showing location of wells for which c¢hemical-quality
| data are available, ranges in concentrations of dissolved
solids and chlorides, and types of water in Lower Cretaceous

rocks in Kansas.
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Much of the chemical-quality data used in the preparation of
plate 3 was available for the eastern and southern parts of the area
underlain by Lower Cretaceous rocks. In the remainder of the afea, only
limited data are available. Many test wells reportedly yielding "salty"
water have been plugged so that qualitative information is not available.
Some generalized interpretations have been made on the basis of geophysical
logs of 0il and gas test wells. Thus, the delineation of areas of
slightly saline water (1,000 to 3,000 mg/1 dissolved solids) in the
western part of the State is based on tenuous informatioﬁ. The delineation
of areas of moderately saline water (3,000 to 10,000 mg/1 dissolved
solids) is extrapolated on the basis of known data and inferred trends.

The range in concentrations and significance of selected chemical
consfituents in water from wells in Lower Cretaceous rocks is given in
table 1. The chemical composition of water from wells in the Lower
Cretaceous is interpreted from 84 partial analyses of water samples from

selected wells given in table 2.
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Table 1.--Range in concentrations and significance of selected chemical
constituents in water from Lower Cretaceous rocks.

Constituent

Range in
concentration

(mg/1)

Significance

Calcium

Magnesium

Sodium

Bicarbonate

Sulfate

Chloride

FTuoride

Nitrate

1.2-755

.5-13

4.0-2,930

29-1,350

.8-1,780

4.0-4,590

Calcium and magnesium combine with
bicarbonate, carbonate, sulfate, and

silica to form scale in heat exchange
equipment; contribute to hardness in water;
and, in irrigation water, are desirable for
normal plant growth and for maintenance

of soil tilth. High concentrations of
magnesium in drinking water may have a
laxative effect. 1/

Sodium ions, in exchange for calcium and
magnesium ions, reduce hardness of water,
but high concentrations in irrigation
water may adversely affect permeability
of soils.

Bicarbonate contributes to alkalinity in

water; tends to form carbonate that combines
with calcium and magnesium to produce
scale in heat exchange equipment.

Sulfate in concentrations of more than

500 mg/1 imparts a bitter taste in drinking
water; high concentrations may combine

with magnesium or sodium to produce a
laxative effect. 1/

Chloride in concentrations of more than

250 mg/1 imparts a bitter taste in drinking
water; high concentrations in irrigation
may be detrimental to plant growth.

Fluoride concentrations of 1.0 mg/]
generally desirable to prevent dental
cavities during formation of permanent
teeth in children; concentrations of more
than 1.5 mg/1 cause mottled enamel. 1/

Nitrate concentrations of more than 45 mg/1
in drinking water may cause methemoglobinemia
when used in infant feeding. 1/

1/ y.s. Public Health Service, 1962, p. 33, 49.
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In considering the usability of water from the Lower Cretaceous
rocks for municipal and domestic supplies, the concentrationslof chloride
are a significant factor. The Kansas Department of Health and Environment
recommends a 1imit of 250 mg/1 chloride in drinking water. Results of
84 partial chemical analyses (table 2) showed concentrations .of ch]oridé
to be more than 250 mg/1 in 12 of the samples; more than 500 mg/1 in 7
of the samples; and more than 1,000 mg/1 in 4 of the samples. These and

other data used in the interpretation of plate 3 indicate that the

concentration of chlorides in the fresh to moderately saline water areas
of the Lower Cretaceous rocks range from less than 10 to about 4,600 mg/1.
It is assumed for purposes of this report that appropriate methods of
desalinization in future years will provide economically feasible treatment
of water containing as much-as 500 mg/1 dissolved chlorides for use in
municipal and domestic supplies. For this reason, the area where the
concentration of chlorides in water from wells generally would be less
than 500 mg/1 has been delineated on plate 3. | |

In order to estimate the quantity of water in the Lower Cretaceous
rocks that may be available for municipal and domestic use, the increasing
demands for present and future supplies were considered. Therefore, it
is assumed that water containing less than 1,000 mg/1 dissolved solids
is usable at the present (1976); and that in future years water containing
1,000 to 3,000 mg/1 dissolved solids and less than 500 mg/1 chlorides

may be available for use after appropriate desalinization.
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To determine the available quantity of presently usable water,
the area where concentrations of dissolved solids in water are less
than 1,000 mg/1 (pl. 3) was related to the thickness of sandstone
(p1. 2) of that area and multiplied by the specific yield. "It was
assumed that the specific yield for the unconfined part of the aquifer
would range from 0.15 to 0.20 and the specific yield for the confined
pafi would range from 0.03 to 0.05 (p. 31). The gquantity of water’
available for municipal and domestic use without significant treatment
was estimated to be 70 to 80 million acre-feet (86,000 to 99,000 hm3).
By relating the area where concentrations of dissolved solids are 1,000
to 3,000 mg/l and dissolved chlorides are less than 500 mg/1 (pl. 3) to
the thickness of sandstone (pl. 2) and assuming a specific yield of 0.03
to 0.05 (p. 31), the additional quantity of water that may become
available in the future through desalinization is estimated to be 10 to
15 million acre-feet (12,000 to 18,000 hm°).

Because of the complex geohydrologic characteé of the multiple
aquifer system in the Lower Cretaceous rocks, it is necessary to greatly
generalize the interpretation of chemical-quality data as shown on
pfate 3. In local areas, the Eocks may contain fresh water in one zone
and saline water in another'zone. In western Cloud County and eastern
Mitchell County, fresh water is present in the upper part of the Dakota
Formation and moderately saline to very saline water is present in the
Tower part. Similarly, in Russell and part of Barton Counties, water in
the Dakota Formation is fresh to slightly saline; whereas, the Cheyenne

Sandstone contains very saline water.
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Five types of water, classed on the basis of predominant ions, are
indicated frbm'the results of all available chemical-quality infor-
mation. However, only four types of water are considered to be areally
significant and are shown on the generalized map (pl. 3). Calcium
bicarbonate water is the dominant type in areas where the sandstone is
recharged from precipitation on the outcrop and in areas where the
sandstone underlies or is in hydraulic connection with saturated
Cenozoic deposits. Sodium chloride water occurs_genera]]y in
the northern part of the area and in the Salina Basin area. Isolated
areas of sodium chloride water occur in Kjowa, Pawnee, Barton, and Cloud
Counties, probably as a result of local contamination. caused by disposal
- of oil-field brines. A zone containing a mixed sodium calcium bicar-
bonate water commonly occurs between the areas of sodium chloride and
calcium bicarbonate water. The sodium calcium bicarbonate water probably
results partly from ion exchange and partly from mixing the recharged
calcium bicarbonate water with sodium chloride water in the sandstones.
Calcium sulfate water is present locally along streams where calcium and
sulfate {ons probably are derived from solution of gypsum in the Kiowa
Formation. Calcium chloride water, (not shown on plate 3) which commonly
is contained only in deep formations, occurs locally as contamination

from oil-field brines.
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SUMMARY

Maps showing the debth to the top of the Lower Cretaceous rocks
(pl. 1), the approximate thickness of sandstones (pl. 2), the potentio-
metric surface (fig. 5), and the chemical quality of water (pl1.3)
are shown in this report to ajd those considering drilling into these
rocks for a water supply. Owing to the scarcity of data, this infor-
mation has been generalized on the maps.

As a result of structural deformation, Lower Cretaceous rocks dip
from an altitude of about 3,500 feet (1,070 m) in the southwest part of
Kansas to an altitude of about 1,250 feet (380 m) above sea level in the
northwest and north-central part. Depth to the top of the Lower Cretaceous
rocks increases from the outcrop areas on the east and south to about

2,600 feet (790 m) in the northwest.
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Lower Cretaceous rocks consist chiefly of claystone, siltstone, and
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